Associations and consequences of hypophosphataemia in older hospitalised women
SIR-Hypophosphataemia has been associated with increased morbidity and mortality in a number of patient groups, including patients on intensive care units [1] , patients with respiratory tract infections [2] , severe sepsis [3] and older patients [4] . Low phosphate has a number of adverse physiological effects, including myocardial depression, neuromuscular weakness, rhabdomyolysis, haemolysis, impairment of white blood cell function and decreased insulin sensitivity.
Most studies examining the association between low phosphate and mortality have focussed on patients with severe hypophosphataemia, sometimes defined as serum phosphate of <0.32 mmol/l (1 mg/dl) [5] . Very few studies have examined the effect of more modest degrees of hypophosphataemia or the occurrence of hypophosphataemia in older hospitalised patients [4] . Impaired homeostasis and lack of physiological reserve in old age suggest that older patients may not only be at high risk of hypophosphataemia but could be more susceptible to its adverse effects.
The aim of this study was to examine the prevalence of hypophosphataemia in a cohort of hospitalised older women, determine factors associated with low phosphate and examine the effect of hypophosphataemia on outcome in terms of mortality and length of hospital stay.
Methods
We studied consecutive admissions to a single Medicine for the Elderly assessment ward at Ninewells Hospital, Dundee, Scotland, from November 2004 to April 2005 inclusive. Female patients are admitted via the emergency department and medical admissions unit and undergo comprehensive geriatric assessment. From November 2004, ward policy was changed to perform magnesium and phosphate measurements on all new admissions to the ward. Tayside local ethics committee deemed that the study did not require formal ethics approval as it utilised existing data collected in routine clinical practice. Approval from the local statutory Data Protection Officer was obtained to access and use confidential patient data.
We prospectively collected biochemistry results on all admissions to the ward, and then performed retrospective notes review on the cohort a mean of 16 (range 7-28) months later. Data were abstracted from the notes by the authors using a standard proforma. Length of stay and date of death were also abstracted from the casenotes; death date is recorded on casenotes even if death occurs in the community. Charlson comorbidity score was calculated from casenote diagnoses [6] . Cognitive impairment was defined as an abbreviated mental test score of <8/10 [7] or a Folstein mini-mental test score of <25/30 [8] .
Potassium and magnesium are important intracellular ions and low serum levels are commonly found in older people [9] . Disorders such as refeeding syndrome may cause serum levels of all three ions to fall. Potassium ion activity was measured indirectly by ion selective electrode on the core unit of the Roche P800 modular system. Magnesium was measured using a xylidyl blue colourimetric end point methodology and phosphate was measured by ammonium molybdate to phosphomolybdate as an end point method (all Roche Diagnostics, Lewes, East Sussex, UK). The coefficient of variation for the phosphate assay was 2.3%.
Data were analysed using SPSS version 15 (SPSS, Chicago, USA). Hypokalaemia was defined as a potassium level of <3.5 mmol/l. Hypomagnesaemia was defined as a magnesium level of <0.7 mmol/l. Hypophosphataemia was defined as a phosphate level of <0.8 mmol/l. These cutoffs are those used by our local laboratory as population normal ranges. Simple descriptive statistics were derived for the frequency of low electrolyte levels. Kaplan-Meier curves were constructed to examine the influence of low versus normal electrolyte levels on survival, with the log-rank test used to compare strata. Cox regression analysis, using forward conditional entry, was used to conduct multivariate analysis of factors associated with survival. Because of the small numbers of patients in the study, entry into the multivariate model was conditional on a P value of <0.2. Length of stay was not normally distributed; the Mann-Whitney U test was therefore used to compare length of stay data. Baseline factors associated with low phosphate levels were identified (P < 0.2) and entered into a multivariate binary logistic regression model (P = 0.2 to enter; forward conditional).
Results
One hundred thirty-four patients were admitted during the study period, of whom 125/134 (93%) had retrievable clinical data. Details of these 125 patients are given in Table 1 . 96/125 (77%) of patients had phosphate levels checked at least once during their admission. Similarly, 96/125 (77%) of patients had their magnesium levels checked at least once. 124/125 (99%) of patients had potassium levels checked on at least one occasion. 27/96 (29%) of patients had at least one instance of hypophosphataemia (serum phosphate <0.8 mmol/l) during admission. Of these, two had phosphate levels <0.5 mmol/l (moderate hypophosphataemia) and none had levels <0.32 mmol/l (severe hypophosphataemia). 28/96 (29%) had hypomagnesaemia and 40/124 (32%) had hypokalaemia.
Phosphate and outcome
18/69 (26.0%) of patients with normal phosphate died during the follow-up compared to 16/27 (59.2%) of those with at least one low phosphate measurement (P = 0.002; Pearsons test). Thirty-day mortality was 5/69 (7.2%) for patients with normal phosphate versus 5/27 (18.5%) for those with at least one low phosphate measurement (P = 0.11; Fisher exact test). Figure 1 shows the difference in mortality between patients with at least one low phosphate measurement compared with those who did not record a low phosphate at any stage. Low magnesium (<0.7 mmol/l) and low potassium (<3.5 mmol/l) were not associated with a significant difference in mortality (P = 0.52 and P = 0.98, respectively, log rank test). The median length of stay was not different in patients with low phosphate and those without a low reading (33 vs. 29 days, P = 0.59; MannWhitney U test). We conducted Cox regression analysis to ascertain which baseline factors were independently associated with mortality. Low phosphate, use of intravenous fluids, age, creatinine, Charlson score, peak C reactive protein, active cancer, diabetes and vomiting were all associated with mortality on univariate analysis (P < 0.2). Notably, BMI and albumin levels were not associated with increased mortality. On multivariate Cox regression analysis (forward conditional, P<0.2 to enter), vomiting, creatinine, low phosphate, peak C reactive protein and diabetes were independently associated with mortality.
Factors associated with hypophosphataemia
Baseline factors that were found to be univariate associates of hypophosphataemia were hypokalaemia (P < 0.01), receipt of intravenous fluids (P < 0.01), taking calcium and vitamin D (P = 0.06), raised CRP (P = 0.07), low body mass index (P = 0.07), active malignancy (P = 0.10), laxative use (P = 0.12), weight loss (P = 0.13) and increasing age (P = 0.17). GFR, vomiting, diarrhoea, Charlson score and diabetes were not associated with low phosphate. Incorporating the factors into a multivariate regression analysis, hypokalaemia, active cancer, low BMI and use of laxatives were found to be independently associated with hypophosphataemia (binary logistic forward conditional model, P < 0.2 to enter). If hypokalaemia was excluded from the model, active cancer, low BMI, receipt of IV fluids and use of laxatives were found to be independently associated with hypophosphataemia.
Discussion
Our results confirm that mild degrees of hypophosphataemia are common in older hospitalised women. The incidence of hypophosphataemia was twice the 14.1% rate reported from a recent large sample of older hospitalised patients [4] . Severe hypophosphataemia (<0.32 mmol/l) was not encountered in our sample, which is consistent with previously reported rates in general hospital patients of 0.24% [10] . It has been suggested that mild degrees of hypophosphataemia are not associated with significant clinical consequences [5] . In our patient group however, even mild degrees of hypophosphataemia were associated with markedly increased mortality rates. The lack of difference in length of stay may be due to other factors, including funding delays for care home placement, that affect this variable in our locality. The overlap between factors associated with hypophosphataemia, and factors known to increase the risk of refeeding syndrome [11] noted in our study and previously [4] may partly explain our results. Many older people are undernourished on admission to hospital [12] ; consequent low total body phosphate stores may increase their likelihood of developing hypophosphataemia during illness.
Does low phosphate cause increased mortality, or is it merely a marker for severe illness or frailty? Supplementation with phosphate-containing compounds has been shown to improve respiratory muscle function [13, 14] and myocardial function [1, 15] , suggesting that hypophosphataemia itself may contribute to increased mortality via derangement of cardiorespiratory function. Interestingly, a recent large observational study [16] has suggested that higher serum phosphate levels within the normal range are associated with an increased risk of cardiovascular events in middle-aged people. This does not necessarily contradict our results; other pathophysiological processes that depress serum phosphate levels such as refeeding may be obscuring this effect in our patient group.
Our study has several weaknesses. It was a retrospective study carried out at a single centre, involved no males and few patients drank large quantities of alcohol. However, the population studied was similar in age and comorbidity to that seen in many UK units caring for older people. Further work is needed to examine the physiological consequences of low phosphate in older patients and to examine whether repletion of mild hypophosphataemia can improve clinical outcomes.
Key points
r Mild degrees of hypophosphataemia are common in older hospitalised women. r Risk factors for mild hypophosphataemia overlap with those known to precipitate the refeeding syndrome. r Even mild hypophosphataemia is associated with markedly increased mortality.
Characterising frailty in the clinical setting-a comparison of different approaches
SIR-The definition and measurement of frailty are areas of ongoing debate. Martin and Brighton [1] recently highlighted the need to consider the utility of frailty measures for the geriatrician in clinical practice and the public health planner as well as for the research gerontologist.
Fried and colleagues [2] reported an operational definition of frailty based on the presence of three or more frailty indicators: unintentional weight loss, slow walking speed, subjective exhaustion, low grip strength and low levels of physical activity. Using these criteria, frailty was predictive of poor outcomes including institutionalisation and death amongst participants of the Cardiovascular Health Study [2] and other large population samples [3] .
Rockwood has advocated an alternative approach to Fried by considering frailty in relation to the accumulation of deficits, 'the more things individuals have wrong with them, the higher the likelihood they will be frail' [4] . Frailty Indices comprising different variables and applied to different populations increase with age and correlate strongly with mortality [5] .
Each approach to frailty has strengths and weaknesses. Fried's model has been praised for clinical reproducibility and coherency [6] but is criticised for adopting a unidimensional approach to a complex and multi-dimensional concept [7] . Frailty in a clinical context consists of more than just weakness and wasting [8] . The exclusion of mood and cognition indices is particularly controversial [6] . The mathematical properties of Rockwood's Frailty Index are promoted as a strength [4] but may seem daunting to clinicians.
This lack of consensus on a standardised tool for frailty measurement motivated the development of a modified frailty score. Routinely performed measures requiring limited specialist training or equipment were chosen across a range of physiological and performance domains. Weight loss and low grip strength were retained from Fried's frailty phenotype since each is an independent marker of poorer prognosis [9, 10] . Timed get-up-and-go was included as a measure of physical performance as it is reliable and correlates well with gait speed and Barthel Index [11] . Cognition was incorporated as this has strong face validity for inclusion in frailty measures [7] .
Since frailty is considered to arise from diminished reserve capacity resulting in increased vulnerability to stressors [12] , there are many potential physiological markers of the frail state. Approximately 30% of normal forced expiratory volume (FEV 1 ) represents the threshold for adequate function and has been proposed as a marker of frailty [13] . Interestingly, a range of other systems (including myocardial oxygen consumption [14] , vision [15] and hearing [16] ) exhibit a 70% margin of loss before evidence of failure presents [17] . FEV 1 was chosen as the fifth measure for the modified frailty score as it can be reliably and easily measured in older people [18] and is an independent predictor of mortality [19] .
The first aim of this study was to operationalise Fried's and Rockwood's frailty assessment methods in clinical populations relevant to the practicing geriatrician. In addition, the modified frailty score was compared to existing approaches.
Methods
Three groups of patients were chosen to represent 'frail', 'intermediate' and 'fit' on a functional frailty spectrum. Thirty institutionalised patients with severe functional impairment
